Isolated canine papillary muscles with attached false tendons were perfused with Tyrode's solution containing lidocaine. Transmembrane action potentials of ventricular muscle fibers and Purkinje fibers were recorded with glass microelectrodes. Repolarization of Purkinje fibers was accelerated by lidocaine but that of ventricular muscle fibers was unaffected. The maximum rate of rise of the action potential of Purkinje fibers decreased only at 50.0 mg/ liter lidocaine; that of ventricular muscle fibers was unchanged by any concentration. The curve relating rate of rise of premature responses to level of membrane potential for Purkinje fibers was unchanged with 5.0 mg/liter but shifted down and to the right with 10.0 and 50.0 mg/liter. The effective refractory period of Purkinje fibers shortened at 5.0 and lengthened at 50.0 mg/liter. The level of membrane potential needed to elicit premature propagated responses in Purkinje fibers with a standardized test stimulus increased and the earliest responses obtained in the presence of lidocaine were relatively large. Duration of the effective refractory period of ventricular muscle fibers was unchanged with 5.0 mg/liter but lengthened progressively with 10.0 and 50.0 mg/liter. Lidocaine impaired the ability of both fibers to respond to rapid frequencies of stimulation, slowed the rate of inherent diastolic depolarization of driven Purkinje fibers, decreased the rate of discharge of spontaneously beating preparations, and minimized the increase in rate and magnitude of diastolic depolarization caused normally by epinephrine. The possible role of these effects of lidocaine in regard to its antiarrhythmic actions was discussed.
not as well established. Suppression of supraventricular ectopic beats has been observed (3, 9) , but the drug does not consistently combat sustained atrial arrhythmias such as tachycardia, flutter, and fibrillation (4, 6, 9) .
In experimental animals lidocaine prevents or terminates the ventricular irregularities produced by administration of cardiac glycosides (10, 11) , catecholamines (12) , or by ligation of coronary arteries (13, 14) .
The actions of lidocaine on different features of the cardiovascular system such as myocardial contractility (15, 16) , heart rate (15, 17, 18) , blood pressure (15) (16) (17) (18) (19) , and diastolic threshold for excitation of the ventricle (16) have been determined. How-ever, little is known about the cellular electrophysiological actions of lidocaine.
The effects of diphenylhydantoin (20) and propranolol (21) on transmembrane potentials of canine Purkinje fibers have recentlybeen presented. A significant action common to these agents is that they cause an increase in the level of membrane potential needed to elicit propagated premature responses. As a result, the earliest premature responses which could be produced were conducted rapidly and without decrement. This action was considered important in contributing to the antiarrhythmic actions of the two drugs. Lidocaine antagonizes the same types of ventricular arrhythmias as the former two agents and in the present study it is shown that it produces similar effects on premature responses of Purkinje fibers.
Methods
Beating hearts were excised from dogs anesthetized with sodium pentobarbital, 30 mg/kg, iv. Papillary muscles with attached false tendons composed of Purkinje fibers were removed from the ventricles and kept until used in oxygenated Tyrode's solution. For study the muscle was pinned under slight tension to a paraffin block in a 10-ml tissue bath. Modified Tyrode's solution (22) equilibrated in a reservoir with 95% oxygen and 5% carbon dioxide was pumped continuously through the bath at 25 ml/min. Temperature in the bath was between 36° and 38 °C but remained constant during an experiment. Contractions at 95/min were produced by applying square-wave pulses 1 to 5 msec in duration with an intensity of two to five times the diastolic threshold to the tip of the papillary muscle or to the false tendon.
Glass microelectrodes filled with 3 M KC1 were used to impale single fibers in the muscle or tendon. Two identical assemblies made it possible to record from two fibers simultaneously. Action potentials were monitored continuously on one oscilloscope and could be photographed from a second oscilloscope. The maximum rising velocity of the action potential upstroke (phase 0) was determined either by recording at a rapid oscilloscope sweep speed or by electronic differentiation. A detailed description of all recording apparatus used here has been given previously (22) .
Test solutions of lidocaine were prepared by adding the drug to a reservoir of gassed Tyrode's solution. For initial experiments the source of lidocaine was a commercially available aqueous solution of the drug (Xylocaine 1%, Astra Pharmaceuticals). In later experiments a stock solution of lidocaine was prepared fresh daily by dissolving crystalline lidocaine hydrochloride in distilled water. No differences in response were noted when test solutions prepared in either manner were used.
In experiments to determine the effects of the drug on contour of the action potential, control perfusion was maintained until steady impalement of a fiber was accomplished. Then perfusion with lidocaine was started. The onset of changes in the membrane potential occurred rapidly, and they appeared to stabilize after 7 to 10 minutes of treatment with the drug. In some experiments the period of treatment was extended to 20 minutes, and no further changes in the action potential were detected in the period between 10 and 20 minutes of exposure to lidocaine. Photographic records were taken before and at intervals during perfusion with lidocaine. A number of features of the action potential were measured and compared statistically using methods which have been described elsewhere (22) .
Duration of the effective refractory period of either type of fiber was measured by administering drive and test stimuli directly to the type of tissue under study (tip of the papillary muscle for ventricular fibers; false tendon for Purkinje fibers) through a unipolar stimulating cathode. Drive stimuli were given constantly at 95/min. One microelectrode was located in a fiber close to (<1.0 mm) the stimulating electrode. A second microelectrode was inserted into a fiber of the same or different type at a distance of 3 to 5 mm. A test stimulus, 5 msec in duration and from two to three times the diastolic threshold, could be applied at any chosen interval during a driven action potential. Initially the test stimulus was given during the plateau of the action potential and elicited no premature response. Then on subsequent trials the pulse was moved by small increments progressively later in the cycle. Six to eight drive stimuli were allowed in succession before application of a single test pulse. The end of the effective refractory period was taken as the point at which a premature response elicited in the proximal fiber conducted to the distal recording site. Characteristics of the test stimulus were kept constant during control and experimental measurements. Membrane responsiveness (20) of Purkinje fibers was measured by applying test stimuli at different times during phase 3 of the action potential. The rising velocity of the premature responses obtained was determined electronically and plotted against the level of membrane potential at the time of the response.
The ability of the fibers to respond to rapid frequencies of stimulation was determined by Circulation Research, Vol. XXIV, May 1969 applying stimuli at progressively shorter cycle lengths directly to the tissue. Cycle lengths used were: 630, 500, 430, 320, 250, 200, 160, and 100 msec. Stimuli at each cycle length, starting with the longest, were applied for approximately 5 seconds, and the next shorter cycle length then was given. Records were taken continuously during the entire determination by moving the film past a vertically deflecting oscilloscope beam.
Epinephrine (Adrenalin, Parke-Davis Laboratories) was administered by rapidly injecting at the inflow of the tissue bath 0.2 to 0.3 ml of a stock solution prepared by diluting 1 mg with water to a volume of 25 ml. Flow through the tissue bath was uninterrupted, and presumably this procedure caused a transient rise in the concentration of epinephrine followed by a fall toward zero.
Results

CONTOUR OF THE ACTION POTENTIAL
Purkinje Fibers.-Twenty-five experiments were performed on preparations from 11 hearts. Concentrations of lidocaine used were: 5.0, 10.0, and 50.0 mg/liter. In some experiments the effects of a single concentration of drug were determined and the preparation was discarded; in other experiments the effects of all three concentrations were determined by administering each in succession starting with the lowest. Perfusion with each concentration was continued until changes in the action potential appeared to stabilize (7 to 10 minutes); then the next higher concentration was administered. Records obtained in an experiment of the latter type are shown in Figure 1 , and data from all experiments are summarized in Table 1 .
The most apparent change produced by lidocaine was an acceleration in repolarization. The slope of phase 2 increased and the onset of phase 3 occurred earlier which led to decreases in the time to repolarize to minus 60 mv and in duration of the action potential. These effects were evident at a concentration of 5.0 mg/liter and became progressively greater with the higher concentrations. As indicated in Table 1 , duration of the action potential decreased consistently at concentrations of 5. The lowest trace is recorded at a sweep speed ten times that of action potentials and shows small biphasic deflections preceding a large spike. These represent stimulus artifact and a differentiated record of the action potential upstroke, respectively. Magnitude of the large spike is proportional to the maximum rate of depolarization (dv/dt in v/sec as shown in the calibration). portion of phase 3 was prolonged so that even though there was proportionately faster repolarization during the earlier phases, duration of the action potential did not shorten significantly.
The maximum rate of rise of the upstroke of the action potential was affected relatively little by lidocaine. The records of Figure 2 show the upstrokes of action potentials recorded at fast oscilloscope sweep speed as well as the complete action potential recorded simultaneously at usual speed. It is apparent that Hdocaine had little effect on the velocity 
Effect of Lidocaine on the Contour of Transmembrane Action Potentials of Purkinje Fibers
Control (8) Graphic illustration of effect of lidocaine on phase 0 of the action potential of a Purkinje fiber. In each record the rising phase of the action potential was recorded at a fast oscilloscope sweep speed, and the complete action potential was recorded by a second beam traveling at normal speed. A: in control solution. B: in lidocaine, 5.0 mg/liter. C: in lidocaine, 10.0 mg/liter. D: in lidocaine, 50.0 mg/liter. of phase 0. A relatively small but consistent decrease was noted at the highest concentration. This effect could have been secondary to the decrease in maximum diastolic potential (23) which also occurred at this concentration (Table 1) .
Full recovery from the effects of lidocaine occurred after return to control perfusion ( Fig. 1, E) . Seven to ten minutes were required for recovery from the effects of 5.0 mg/liter, and 20 to 25 minutes were needed for recovery from a concentration of 50.0 mg/liter. There appeared to be no accumulative effects of lidocaine. For example, the maximum changes in repolarization noted at a concentration of 50.0 mg/liter were similar whether the tissue was exposed initially to this concentration or was treated first with the two lower concentrations. In addition, the same tissue preparation exposed to three periods of perfusion with lidocaine, 5.0 mg/liter, interrupted by 10-minute periods of control perfusion, continued to show the same magnitude of response during each test perfusion. An indication of membrane responsiveness (20) of Purkinje fibers was obtained by measuring the rising velocity of premature responses elicited from different levels of membrane potential. Data from one experi-Circulation Research, Vol. XXIV, May 1969 ment are plotted in Figure 3 . No significant change occurred with the lowest concentration. Treatment with the higher concentrations shifted the curve down and to the right, indicating a decrease in the ability of the membrane to depolarize rapidly upon premature stimulation. An interesting and perhaps significant action of lidocaine with respect to its antiarrhythmic activity became apparent in these experiments. In control solution, as shown in Figure 3 , the fiber could be reexcited when the membrane potential reached minus 68 mv giving a response with a rising velocity of about 50 v/sec. After application of lidocaine, 5.0 mg/liter, a premature response was not obtained until the membrane potential reached approximately minus 80 mv, and this response had a rising velocity of almost 300 v/sec. These effects were intensified at concentrations of 10.0 and 50.0 mg/liter as shown in Figure 3 .
Ventricular Muscle Fibers.-Twenty-four fibers from nine hearts were treated with lidocaine in concentrations of 5.0, 10.0, and 50.0 mg/liter. Records obtained in a typical experiment are shown in Figure 4 , and data from all experiments are summarized in Table  2 . It is apparent that lidocaine produced no detectable, consistent change in any feature of the ventricular action potential, while the action potential of a simultaneously recorded Purkinje fiber displayed the changes described above.
DURATION OF THE EFFECTIVE REFRACTORY PERIOD
Purkinje Fibers.-The effects of lidocaine in concentrations of 5.0 and 50.0 mg/liter were tested in six experiments. Records obtained in a typical experiment are shown in Figure 5 . The lower trace in each record shows the action potential of a Purkinje fiber located close to the stimulus site. The upper trace shows an action potential from a ventricular muscle fiber located at a distance of several millimeters. Records A and B were obtained in control solution. To illustrate the very abrupt occurrence of propagated premature responses, record A shows the stimulation which preceded by less than 10 msec that giving the first propagated response shown in record B.
Effects of lidocaine on the action potential of a ventricular muscle fiber (lower action potential) and a Purkinje fiber. A: in control solution. B: 10 minutes in lidocaine, 5.0 mg/liter. C: 10 minutes in lidocaine, 10.0 mg/liter. D: 10 minutes in lidocaine, 50.0 mg/liter. Each concentration was applied in succession. The spike in the lower trace represents the upstroke velocity of the ventricular fiber. Records C and D were obtained during treatment with lidocaine, 5.0 mg/liter. Duration of the effective refractory period shortened, but the shortening did not parallel recovery of membrane potential. A higher level of membrane potential was necessary to obtain the initial premature response. Records E and F show the determination carried out after subsequent treatment with lidocaine, 50.0 mg/liter. Duration of the refractor)' 100 msec FIGURE 5 Determination of the effective refractory period of Purkinje fibers. In each record the lower action potential is from a Purkinje fiber located close to the stimulating electrode. The upper action potential is from a ventricular muscle fiber located at a distance. Records A and B were obtained in control solution, C and D during treatment with lidocaine, 5.0 mg/liter, and E and F were obtained in lidocaine, 50.0 mg/liter. For each determination in this figure and in Figures 6 and 7 the trial of test stimulation (A,C,E) which immediately preceded that causing the first test response (B,D,F) is shown. See text for discussion. period lengthened slightly, compared with control, at this concentration. Especially evident in these records is the high level of membrane potential needed to obtain membrane excitation.
Responses elicited from a higher level of membrane potential would be expected to show an increase in rate of rise and hence to propagate more rapidly (23) . However, as shown in increase in internal longitudinal resistance, or an increase in membrane capacity.
The method described above for determination of the effective refractory period in which electronic stimuli are applied directly to the tissue does not, in most cases, produce local or graded responses (24) . When Purkinje fibers are excited by action potentials propagated from ventricular muscle, such responses frequently are produced (25, 26) . Figure 6 shows action potentials recorded in an experiment where drive and test stimuli were administered to the tip of the papillary muscle. The lower action potential is from a ventricular muscle fiber close to the stimulus site, and the upper action potential is from a Purkinje fiber located close to the junction with ventricular muscle. During control perfusion it was possible to excite the ventricular fiber without producing a response in the Purkinje fiber (record B). When the test stimulus was given later in the cycle a small slowly rising response occurred in the Purkinje fiber (record C). Such responses are termed local or graded and conduct decrementally, failing to propagate throughout the Purkinje system (26) . During perfusion with lidocaine, 5.0 mg/liter, the earliest response which could be obtained in the Purkinje fiber was of relatively large magnitude with fast rising velocity and long duration as shown in record G. Similar effects were observed during treatment with lidocaine, 10.0 and 50.0 mg/liter, as shown in records I and K, respectively. In addition, at these higher concentrations it was impossible to excite the ventricular muscle fiber without also exciting the Purkinje fiber. Thus the disparity in the recovery of excitability which exists normally between ventricular muscle and Purkinje fibers was reduced or abolished by lidocaine. Determination of the effective refractory period of ventricular muscle fibers. The upper action potential is from a ventricular fiber close to the stimulating electrode. The lower action potential is from a ventricular fiber at a distance. A and B: in control solution. C and D: in lidocaine, 5.0 mg/liter. E and F: in lidocaine, 50.5 mg/liter. See text for interpretation. solution and in solutions containing 5.0, 10.0, and 50.0 mg/liter lidocaine, respectively. Again no change in refractoriness occurred at the lowest concentration, but at the two higher concentrations the refractory period lengthened. The lengthening in refractory period occurred in the absence of changes in contour of the action potential and thus was due to delay in recovery of ability to undergo depolarization rather than to delay in recovery of membrane polarization.
ABILITY TO RESPOND AT RAPID FREQUENCIES
Measurement of the ability to show action potentials at rapid rates was made because during ventricular tachycardia and fibrillation individual fibers respond rapidly (27, 28) , a condition which may help to maintain the Circulation Research, Vol. XXIV, May 1969 arrhythmia. Experiments were done on both types of fibers at all three concentrations of lidocaine. Figures 8 and 9 show results obtained in experiments on a ventricular muscle and a Purkinje fiber, respectively, in different preparations isolated from the same heart. In control solution, as illustrated in Figure 8 , A, the ventricular muscle fiber responded to every stimulus applied at 600/min. During treatment with lidocaine, 5.0 mg/liter, the fiber failed to respond consistently when the rate reached 375/min. Treatment with concentrations of 10.0 and 50.0 mg/liter caused a further impairment in the ability to respond rapidly, as shown in records C and D.
The ability of Purkinje fibers to beat rapidly also decreased in the presence of lidocaine as shown in Figure 9 . In this particular experiment no decrease occurred when the concentration was 5.0 mg/liter, but in three of five experiments on other preparations decreases were observed at this concentration. During treatment with 10.0 mg/liter the fiber presented in Figure 9 failed to respond consistently when the stimulus rate was 300/min. Raising the concentration of lidocaine to 50.0 mg/ liter caused failure to respond when the stimulus rate reached about 185/min. In the above experiments rapid rates of response were produced artifically by continuous electronic stimulation. In certain tissue preparations multiple "spontaneous" responses could be elicited by a single premature stimulus applied during phase 3 of the action potential. Examples of such activity are shown in Figure 10 where record A shows action potentials recorded simultaneously from two Purkinje fibers. The fibers were driven steadily at 95/min. A single premature stimulus during phase 3 caused three rapid, low-amplitude depolarizations in the lower fiber and two relatively normal action potentials in the upper fiber. The initial premature depolarization in each fiber resulted from the test stimulus, while subsequent premature responses were "spontaneous." Similar patterns of response were observed in each of five trials of this preparation. Subsequently, lidocaine in a concentration of 10.0 mg/liter was perfused 4 0 0 msec FIGURE 12 Effects of lidocaine on the rate of inherent diastolic depolarization of Purkinje fibers and on the response to epinephrine. Records A-C were taken in control solution. A was recorded before addition of epinephrine. B shows the maximum effect of epinephrine on diastolic depolarization prior to occurrence of an arrhythmia shown in C. Records D and E were obtained after treatment with lidocaine, 5.0 tng/liter. D was recorded before addition of epinephrine while E shows the maximum effect noted in the presence of epinephrine. Records F and G were obtained after a 10 minute-perfusion with lidocaine, 10.0 mg/liter. F was recorded before epinephrine and G shows the maximum effect observed in the presence of epinephrine. Records H and I were obtained after 10 minutes of treatment with lidocaine, 30.0 mg/liter. H was recorded prior to epinephrine, and I shows the maximum effect of epinephrine.
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for 10 minutes and the test stimulation repeated. As shown in record B, the multiple premature responses were abolished and a single relatively normal action potential was produced in each fiber by the test stimulus. Records C and D are from an experiment in which action potentials from a ventricular muscle fiber were registered during premature stimulation. Application of a single premature test stimulus produced a rapid series of action potentials which persisted for approximately 20 seconds (the entire record is not shown). Several trials produced a minimum of 7 and a maximum of 150 successive action potentials at a rapid rate. Treatment with lidocaine, 5.0 mg/liter, abolished these repetitive responses as shown in record D. Whether these multiple responses were the result of reentry of excitation or the result of discharge of an ectopic focus or some other mechanism is unknown. Whatever the mechanism, it is demonstrated that lidocaine prevents such "naturally" occurring repetitive activity.
EFFECTS ON DIASTOLIC DEPOLARIZATION OF PURKINJE FIBERS
Purlcinje fibers stimulated at 95/min usually had diastolic depolarization of minimal rate and magnitude. To enhance phase-4 depolarization we slowed or discontinued artificial stimulation, administered epinephrine by direct injection into the tissue bath (21) , or mechanically stretched the false tendon. Figure 11 shows results obtained in two experiments in which the stretch method was used. Marked changes in contour of action potential occurred in stretched Purkinje fibers. Records A and D show action potentials of spontaneously beating Purkinje fibers. Each fiber discharged steadily. Application of lidocaine, 5.0 mg/liter, slowed the spontaneous rate of each fiber as shown in records B and E. This effect was due, at least iri part, to a decrease in rate of diastolic depolarization as shown in the superimposed records C and F. Figure 12 shows records obtained in an experiment in which the preparation was stimulated at 60/min and treated with epinephrine. Epinephrine was applied during perfusion with each concentration of lido-Circulation Research, Vol. XXIV, May 1969 caine. Two findings of significance are evident in this figure. First, from a comparison of records A and H it is apparent that lidocaine, 50.0 mg/liter, reduced the rate of inherent diastolic depolarization to zero. Reductions in rate were observed during treatment with the two lower concentrations shown in records D and F. A second finding illustrated in Figure  12 is that lidocaine reduced or prevented the increase in rate and magnitude of diastolic depolarization normally caused by epinephrine and arrhythmias which frequently occurred in control epinephrine solution (record C) were not observed.
Discussion
A major problem encountered in in-vitro studies of drug action is that of choosing the proper drug dosage. Several reasons for this difficulty have been given by Strauss et al. (29) . Gianelly et al. (5) administered lidocaine to patients by continuous intravenous infusion and obtained suppression of ventricular arrhythmias when the plasma concentration reached 2 to 5 (ig/m\. Jewitt et al. (6) administered the drug in a similar manner and obtained reversion of arrhythmias when the concentration was 2.5 jug/ml. Bolus injections of 2 mg/kg body weight infused over a 2-minute period produced a plasma concentration of 10 /ig/ml at the end of the injection period. In view of these findings the dosage of 5.0 mg/liter (5.0 jug/ml) used in the present experiments seems reasonable, but we also studied the effects of concentrations two and ten times this concentration. Most of the effects of lidocaine described here were evident during treatment with the lower concentration and were merely intensified with the higher concentrations. There were two notable exceptions. First, the curve depicting membrane responsiveness of Purkinje fibers was unchanged at the lower concentration. Second, duration of the effective refractory period of ventricular muscle fibers was unchanged at the low concentration but lengthened progressively upon treatment with the two higher concentrations.
Lidocaine produced a number of changes in electrophysiological characteristics of the ventricular tissues which could help explain its antiarrhythmic actions. Interpretation of the possible role of these changes can be made within a framework provided by a number of recent reviews in which the specific electrophysiological changes thought to operate in genesis of cardiac arrhythmias were classified and discussed (30) (31) (32) (33) . In addition, we believe it instructive to compare the effects of lidocaine with those of other antiarrhythmic agents which differ chemically from each other but which antagonize the same types of ventricular arrhythmias. Diphenylhydantoin, propranolol, and lidocaine are three such agents (34) , and where possible their electrophysiological effects on ventricular tissues will be compared.
A number of proven antiarrhythmic agents act to slow the rising velocity of the action potential upstroke (35) (36) (37) . It has been postulated that this action is a feature of their antiarrhythmic activity even though this effect, if sufficiently great, may lead to conduction disturbances as will be outlined below. Propranolol depresses the maximum rate of rise of the action potential of cardiac fibers (21, 37) . Lidocaine does not have a significant effect on this feature except at high concentrations, and even these effects are relatively small. Neither does diphenylhydantoin and in fact the latter agent restored the maximum rate of rise of Purkinje fibers in which this feature had been attenuated by certain experimental procedures (20) . Therefore, it would appear that a reduction in rising velocity is not a necessary feature for antiarrhythmic activity. Certain useful antiarrhythmic agents do have properties in common. For example, they have local anesthetic activity (35, 37) , they depress spontaneous activity (20, 35) , and they postpone the recovery of excitability with respect to membrane repolarization (20, 21, 35) . The latter effect may be particularly beneficial in combating cardiac arrhythmias.
Probably the most significant effect of lidocaine with regard to its antiarrhythmic action is the prevention of local responses and decremental conduction in Purkinje fibers. The importance of decremental conduction (38) in production of conduction disturbances and reentry of excitation has been emphasized repeatedly (30) (31) (32) (33) . Such conduction can occur when, for any reason, a fiber is excited at a reduced level of membrane potential. The amplitude and rate of rise of the resulting response are low which slows the speed of propagation through surrounding tissues. These changes may intensify at a distance resulting in unidirectional or complete block of conduction which affords opportunity for reentry of excitation. It was shown here that in the presence of lidocaine premature responses of Purkinje fibers, whether caused by electronic stimulation or by propagated action potentials, had relatively large magnitude and fast rate of rise. For these reasons decremental conduction and local blocks of conduction would be less likely to develop in the presence of lidocaine. Propranolol and diphenylhydantoin also have actions such that premature responses of Purkinje fibers occur at elevated levels of membrane potential.
Very similar effects on premature responses of ventricular muscle fibers also were noted in the present study, although a higher dosage was needed. In the absence of changes in the time course of repolarization, duration of the effective refractory period of ventricular fibers lengthened. Thus the earliest responses which could be obtained rose from a higher level of membrane potential. A similar observation has been made by Bigger et al. (20) in regard to the actions of quinidine which lengthens the duration of the effective refractory period of Purkinje fibers without concomitant lengthening of action potential duration (39) .
A second mechanism advanced to explain the origin of cardiac arrhythmias is that of nonhomogeneous recovery of membrane polarization and excitability of adjacent fibers or groups of the fibers (30) (31) (32) (33) 40) . It may be visualized that increases or decreases in rate of repolarization of certain fibers, while adjacent fibers repolarize normally, could result in flow of excitatory current. Direct experimental Circulation Research, Vol. XXIV, May 1969 evidence for development of differences in repolarization or excitability has been provided by a number of investigators (41) (42) (43) . Even under normal conditions ventricular muscle fibers can be reexcited earlier than Purkinje fibers because of differences in duration of action potential and length of refractory period. Retrograde excitation of Purkinje fibers by propagated ventricular action potentials, if properly timed, produces local responses and decremental conduction in Purkinje fibers. Lidocaine, as shown in the present study, and propranolol, as shown previously (21), decrease or abolish the normal difference in recovery of excitability of the two ventricular tissues. Thus local responses of Purkinje fibers were prevented, and the spread of excitation between the two tissues was made more uniform.
The occurrence of diastolic depolarization in Purkinje fibers is thought to be important in production of certain ventricular arrhythmias (30) (31) (32) (33) . A number of agents thought to cause or potentiate development of ventricular arrhythmias produce an increase in rate and magnitude of phase-4 depolarization of Purkinje fibers. These include anoxia (44) , stretch of the fiber (45), digitalis (46) , and catecholamines (43, 47) . Sufficient enhancement of diastolic depolarization can produce spontaneous discharge of a Purkinje fiber resulting in development of an ectopic focus. In addition as shown recently (48) , increased phase-4 depolarization can result in disturbances of conduction. Because of the lowered membrane potential at the time of the response, its magnitude and rising velocity are low and, as outlined above, these changes would tend to produce decremental conduction, local block of conduction, and reentry of excitation. Lidocaine slowed the rate of discharge of the inherent pacemaker in normal unstimulated preparations and in preparations in which spontaneous activity was induced by stretch of the false tendon. In addition, the agent also minimized or prevented the increased rate and magnitude of diastolic depolarization normally produced by epinephrine. Diphenylhydantoin (20) and proprano-Circulation Research, Vol. XXIV, May 1969 lol (21) have a similar effect on diastolic depolarization of Purkinje fibers, and as was suggested this action may explain the antagonism of certain types of ventricular arrhythmias, especially those produced by administration of catecholamines.
